In a previous study (Kellgren and Bier, 1956) , three sets of x rays of the hands were used to assess inter-and intra-observer differences in interpreting changes of rheumatoid arthritis. Wide disagreement between observers was found, and it was concluded that, to ensure maximum uniformity in grading x rays in field surveys and therapeutic trials, all readings should be made by the same observer, preferably at a single session. The advisability of having a set of standard reference films was also considered.
In the present study an attempt has been made to assess observer difference in reading x rays for osteo-arthrosis.
The term osteo-arthrosis, as used in this paper, is synonymous with osteo-arthritis and with degenerative joint disease affecting diarthrodial joints. Degenerative change in the synchondroses has not been included. Thus, in the spine, degenerative disease of the apophyseal joints is considered, but not spur formation on the bodies of the vertebrae or narrowing of the intervertebral disks. No separation has been made between local and primary generalized forms of osteo-arthrosis in this study, nor have those forms of osteo-arthrosis secondary to trauma been considered separately.
The following radiological features were considered evidence of osteo-arthrosis:
(1) (5) Altered shape of the bone ends, particularly in the head of femur. This study is part of a survey of rheumatic disease in the population of Leigh in Lancashire. A series of x rays of eleven joints in 85 persons chosen at random from those between the ages of 55 and 64 were read for osteo-arthrosis by two observers: first together so that agreed standards for grading could be determined, and then separately after an interval of time.
The data so obtained have first been used to determine inter-observer difference. Subsequently one observer read the sample a third time to assess intra-observer difference. The interval between the combined and the independent readings was 2 years and the third reading was made one month after the independent readings. All observations were made without knowledge of the symptoms or clinical state or of the previous readings.
As in earlier surveys (Kellgren and Lawrence, 1952; Lawrence, 1955) Figs 1-8 show standard examples of Grade 1-4 severity for the distal interphalangeal, proximal interphalangeal, metacarpophalangeal, and first carpometacarpal joints of the hands, and for the wrists, cervical spine, hips, and knees. The lumbar spine has been omitted because of difficulties of reproduction. Copies of these standard sets of radiographs are in preparation and will be available for the use of others. Eight groups of joints (distal interphalangeal, metacarpophalangeal, first carpometacarpal, wrist, cervical spine, lumbar spine, hip, and knee) have been chosen for detailed study. Inter-Observer Error In Table I Data for the first carpometacarpal joints, wrists, cervical spine, dorso-lumbar spine, hips, and knees were studied in the same way. In each of these, except the wrist, Observer A read higher than Observer B in Grades 2-4. In the wrist, the agreement was so slight that it might well have been due to chance, and it was evident that for this joint the observers used quite different criteria. The difference was found to arise chiefly when severe rheumatoid arthritis was also present. The correlation coefficient for the readings on these joints was as follows: 
Intra-Observer Error
Mc A comparison was made between two readings made by the same observers on the same group of joints. In the distal interphalangeal joints of the fingers there was a greater agreement (r --0-81) than between the two observers on the same series of joints, particularly in the more severe grades. More joints, however, were graded "1" (minimal or doubtful) in the second reading and fewer were graded "0". Similarly, in the other joints, there was much closer agreement between two readings by the same observer than between two readings by separate observers, and though there was some disagreement on individual films read twice by the same observer the estimated prevalences did not differ significantly. The correlation coefficients were as follows: spine Observer A's reading is identical and Observer B's reading is lower. Observer A's readings in all instances correlate better with the combined reading than Observer B's, and indeed in all joints, except the hips, Observer A's readings correlate with the combined readings more closely than those of Observer B with his own (BI and B2). Owing, however, to the fact that Observer A tends to read higher than the greater differences between Observer A and the combined reading than between Bi and B2. If all joints in which osteo-arthrosis (Grades 2-4) was diagnosed are considered together, the combined reading with a total of 179 joints is closer to the mean value of 195 joints than any of the individual readings.
Conclusions It is clear that, although significant agreement was found between two observers for the grading of osteo-arthrosis in all joints except the wrist, the influence of personal bias may result in a very different assessment of severity and prevalence in group studies, so that in certain joints, for example the hip joint, one observer may read four times as much definite osteo-arthrosis. In other joints, e.g. the distal interphalangeal joints of the fingers, much closer agreement is likely to be found, but it would appear that deviations of ±31 per cent. from the average value may be expected in osteoarthrosis in general. In individual joints, differences of two to three times in the prevalence of osteo-arthrosis between population groups assessed by different observers might well be due entirely to the observer effect on grading.
If, on the other hand, the x rays from population groups are all read by the same observer, so that only intra-observer error is involved, the differences in prevalence from this cause are likely to be less striking, the error in this series being of the order of ±5 per cent. It should be observed, however, that these two sets of readings were made at an interval of only one month. Had they been made at a greater interval, greater differences would no doubt have been encountered. When readings are made by one observer they will of course be subject to observer bias which may result in a high or low prevalence in all groups of x rays read by that observer. This will not interfere with the comparison between population groups but may give a generally distorted view of prevalences. This distortion may be overcome by a combined reading made by two observers in consultation. In this series the combined reading approximated more closely to the mean value for all readings of all joints than any of the individual readings, and this, when practicable, would appear to be the method of choice. Unfortunately it is seldom possible to arrange for the same two observers to be available to read all the x rays, and it is thus necessary to fall back on the plan of having one observer read every x ray from all groups which it is desired to compare. Probably the most satisfactory working arrangement, where, for example, it is desired to compare the prevalence of osteo-arthrosis in several localities studied by different research groups, is to exchange x rays, so that an observer from each team may read all the x rays taken at every locality. The final result could then be expressed as an average of all the readings. Summary A series of 510 x rays from 85 persons in the age group 55-64 chosen at random from an urban population was graded for osteo-arthrosis by two observers on four occasions to determine the extent of observer difference.
Standard films for four grades of osteo-arthrosis for each of eleven joints were chosen.
A significant correlation between the two observers was obtained for all joints except the wrist. The estimates of prevalence, however, varied widely because of the cumulative effect of observer bias (±31 per cent.). It is concluded that comparison of prevalence estimates by different observers could have little value in population studies.
Two readings by the same observer gave only a slightly better correlation on the reading of individual x rays, but by excluding observer bias they gave a much closer estimate of prevalence (±5 per cent.). These two readings, however, differed substantially from the mean value for all readings (-8 per cent. and -17 per cent.).
A combined reading by two observers reduced the influence of personal bias and differed little from the mean value (-3 per cent.).
It is suggested that, where possible, in all population studies which it is desired to compare, the x rays should be read by the same observer or preferably by two observers in consultation. 
